At 39 to 40°C, selection of antibiotic-resistant transfected mammalian cell lines or Escherichia coli required lower aminoglycoside antibiotic concentrations than at 37°C. The thermosensitivity of antibiotic susceptibility was much more manifest during genetic selection experiments than in conventional growth inhibition assays.
Aminoglycoside antibiotics of the neomycin and hygromycin B groups are widely used for eukaryotic and prokaryotic cells (11) . However, the concentrations required in tissue culture are so high that hygromycin B has even been referred to as "not toxic to mammalian cells" (6) . In this article, we demonstrate that mild hyperthermia enhances antibiotic susceptibility such that lower concentrations are needed to select transfected mammalian cells and bacteria. Two shuttle plasmids were used for transfection: pSV2911neo (4), which confers resistance to neomycin-type antibiotics (kanamycin in bacteria and geneticin in mammalian cells), and pCGA25cNAT (2) , which confers resistance to hygromycin B. In both plasmids, the simian virus 40 early promoter is used to express resistance in mammalian cells, and in Escherichia coli, the promoter of the antibiotic resistance genes of transposon Tn5 is used.
The lowest concentration of geneticin that could be used to select transfected CHO cells at 37°C was 0.4 to 0.5 mg/ml (Fig. 1A) . Cell lines isolated at high geneticin concentrations were also found to be more resistant in subsequent growth inhibition assays than those selected at lower concentrations. At 40°C, good yields of stably transfected clones with complete elimination of the untransfected cells were obtained at concentrations as low as 0.15 mg/ml (Fig. 1A) , but no colonies appeared at concentrations above 1.5 mg/ml (Fig. 1A) . Expressed as a percentage of the transfection efficiency at 37°C, the transfection efficiency at 40°C declined linearly from 15% at 0.4 mg/ml to less than 0.25% at 2 mg/ml (Fig. 1C) . No difference in susceptibility to geneticin at either 37 or 40°C between pooled cell lines selected at 40°C with 0.2 mg/ml and cells selected at 37°C with 1.0 mg/ml was observed.
With hygromycin B, cloning efficiencies were also similar at 40°C to those at 37°C but required two-to threefold lower drug concentrations (Fig. 1B and D Compared with the dramatic differences in selection efficiency between 37 and 40°C seen after DNA transfection ( Fig. 1) , the effect of mild hyperthermia appeared small in standard short-term cell cultures ( Fig. 2A and D An inhibitor affecting drug transport across the cell membrane was used to investigate whether acceleration of the intracellular accumulation of aminoglycosides would have an effect similar to that of hyperthermia. The ionophore nigericin facilitates uptake of aminoglycoside antibiotics (1, 12) . Although with nigericin 1/10 as many colonies were obtained after transfection of pSV2911neo and pCGA25cNAT, the same concentration of geneticin or hygromycin B was needed for selection as in the absence of nigericin (unpublished data).
The aminoglycoside concentrations used for bacteria (0.025 to 0.050 mg/ml) are much lower than the lowest concentrations used for mammalian cells (0.2 to 0.5 mg/ml). In E. coli at 37°C, the number of plasmid-transformed colonies did not decrease until 20 times the minimally effective selective dose was reached (Fig. 3A and B) . At low concentrations, hyperthermia did not affect transformation efficiency, but the cloning efficiency at 40°C relative to the efficiency at 37°C decreased linearly with progressively higher antibiotic concentrations (Fig. 3C and D) . Addition of 1 ,uM nigericin to neutral or acidic medium (8, 12) increased the susceptibility of nonresistant E. coli to aminoglycosides two-to fivefold but did not affect transformation efficiency with pSV2911neo or pCGA25cNAT significantly (unpublished data).
Presumably, mild hyperthermia does not influence antibiotic susceptibility through a single mechanism. Heat stress and inhibition of protein synthesis probably affect many cellular processes, but the net effects in E. coli and mammalian cells are very similar. One might be able to identify the factors involved genetically in E. coli. Clinically, severe hyperthermia (10 min to 1 h at 43 to 45°C) is used to enhance the toxicity of tumoricidal agents (5, 9) (4) (10) . Finally, the altered antibiotic susceptibility at elevated temperatures may require adjustments in the antibiotic concentration in experiments in which thermosensitive genes and antibiotic resistance markers are coexpressed. 
